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PART I: INTRODUCTION

BACKGROUND

This safeguard investigation results from a petition, as amended, and properly filed on
May 17, 2017, under section 202(a) of the Trade Act of 1974 (“The Act”) (19 U.S.C. § 2552(a)) by
counsel for Suniva Inc. (“Suniva”). The petition alleges that certain crystalline silicon
photovoltaic cells, whether or not partially or fully assembled into other products (“CSPV
products”),! are being imported into the United States in such increased quantities as to be a
substantial cause of serious injury, or threat thereof, to the domestic industry producing an
article like or directly competitive with the imported article.” ®

The following tabulation presents information relating to the background and schedule
of this proceeding:*

Effective date Action
Petition properly filed with the Commission; institution of inv. No. TA-201-75
May 17, 2017 (82 FR 25331, June 1, 2017)
August 15, 2017 Commission’s hearing on injury

September 22, 2017 | Commission’s vote on injury

October 3, 2017 Commission’s hearing on remedy

October 31, 2017 Commission’s vote on remedy

November 13, 2017 |Commission’s findings and recommendations to the President

! See the section entitled “The Imported Articles Described in this Investigation” in Part | of this
report for a complete description of the merchandise subject to this investigation.

2 Suniva initially submitted a petition to the Commission on April 26, 2017. In a May 1, 2017 letter,
the Commission requested that Suniva clarify the description of the imported articles, provide more
details about petitioner’s representativeness of the industry within the meaning of section 201(a)(1) of
the Trade Act (19 U.S.C. § 2252(a)(1)), and supply additional data on the domestic industry’s
performance indicators. In an amended petition submitted on May 12, 2017, Suniva provided additional
information, including an affidavit indicating that the petition was also supported by ***. In response to
telephone conferences held with Commission staff on May 15, 2017 and May 17, 2017, Suniva further
amended its petition on May 17, 2017 to provide a revised description of the imported articles. The
Commission determined that the petition, as amended, was properly filed as of May 17, 2017.

* On May 25, 2017, SolarWorld and Suniva notified the Commission that SolarWorld was joining
Suniva as co-petitioner in this investigation. Letter to Secretary Barton, Re: Petition for Global Safequard
Relief Pursuant to Sections 201-202 of the Trade Act of 1974 - Crystalline Silicon Photovoltaic Cells
(Whether or Not Fully Assembled into Other Products) - Adding Petitioner and Submission of Additional
Data, May 25, 2017.

* The Commission’s notice of institution and scheduling are referenced in appendix A and may also
be found at the Commission’s web site (internet address www.usitc.gov). The list of witnesses that
appeared at the Commission’s injury hearing is presented in appendix B.



STATUTORY CRITERIA AND ORGANIZATION OF THE REPORT

Under the statute, the Commission considers whether “an article is being imported into
the United States in such increased quantities as to be a substantial cause of serious injury, or
the threat thereof, to the domestic industry producing an article like or directly competitive
with the imported article.”> Under section 202 of the Trade Act, imports have increased when
the increase is “either actual or relative to domestic production.”6 This information is addressed
in Part Il of this report.

Section 202(c)( 1)(A) of the Act provides that in making its determination with respect to
serious injury the Commission shall take into account all economic factors which it considers
relevant, including (but not limited to) “(i) the significant idling of productive facilities in the
domestic industry, (ii) the inability of a significant number of firms to carry out domestic
production operations at a reasonable level of profit, and (iii) significant unemployment or
underemployment with the domestic industry.”” Section 202(c)(1)(B) of the Act provides that in
making its determination with respect to threat of serious injury the Commission shall take into
account all economic factors which it considers relevant, including (but not limited to) “(i) a
decline in sales or market share, a higher and growing inventory (whether maintained by
domestic producers, importers, wholesalers, or retailers), and a downward trend in production,
profits, wages, productivity, or employment (or increasing underemployment) in the domestic
industry, (ii) the extent to which firms in the domestic industry are unable to generate
adequate capital to finance the modernization of their domestic plants and equipment, or are
unable to maintain existing levels of expenditures for research and development, {and} (iii) the
extent to which the United States market is the focal point for the diversion of exports of the
article concerned by reason of restraints on exports of such article to, or on imports of such
article into, third country markets.”® These factors are addressed in Part Il of this report,
except for restraints on imports in third-country markets, which are addressed in Part | of the
report and information on market share declines, if any, which are addressed in Part IV of the
report.

With respect to substantial cause, the Commission shall consider an increase in imports
(either actual or relative to domestic production) and a decline in the proportion of the
domestic market supplied by domestic producers.’ The presence or absence of any factor that
the Commission is required to consider is “not necessarily dispositive.”*° The statute also
directs the Commission to consider “the condition of the domestic industry over the course of
the relevant business cycle ... ” and provides that the Commission shall consider “factors other
than imports which may be a cause of serious injury, or threat of serious injury, to the domestic

> Section 202(b)(1)(A) of the Trade Act; 19 U.S.C. § 2252(b)(1)(A).
19 U.S.C. § 2252(c)(1)(C).

719 U.S.C. § 2252(c)(1)(A).

819 U.S.C. § 2252(c)(1)(B).

% Section 202(c)(1)(C); 19 U.S.C. § 2252(c)(1)(C).

1% Section 202(c)(3); 19 U.S.C. § 2252(c)(3).



industry.”** Information on apparent U.S. consumption and respective market shares is

provided in Part IV of this report, and available information on foreign industries and their
participation, if any, in the U.S. market during the period of investigation is also provided in Part
IV of this report. Information on other competitive dynamics in the U.S. market, including
information on any relevant business cycle, is provided in Part V of this report.

SUMMARY DATA

Information obtained during the course of the investigation that relates to the
applicable statutory criteria is presented throughout this report. Unless otherwise noted, data
concerning the U.S. industry are based on the questionnaire responses of 16 firms that are
estimated to have accounted for all known U.S. production of CSPV cells and 63.9 percent of
U.S. production of CSPV modules during 2015.12 U.S. import data are based on the
guestionnaire responses of 56 firms that are estimated to have accounted for 82.6 percent of
U.S. imports of CSPV cells and CSPV modules during 2016.2

Foreign industry data are based on the questionnaire responses of 100
producers/exporters of CSPV products as follows:

e Brazil: 1 firm accounting for less than *** percent of 2016 module production
capacity in Brazil.**

e Canada: 5 firms accounting for approximately 89 percent of 2016 module
capacity in Canada.”

! Section 202(c)(2); 19 U.S.C. § 2252(c)(2).

12 Based on a comparison of U.S. producers’ reported production of CSPV modules of *** kW in 2015
with total 2015 U.S. production of modules of 864,985 kW (latest available) as reported in Energy
Information Administration (“EIA”), Solar Photovoltaic Cell/Module Shipments Report, September 2016,
table 6. EIA’s reported production includes thin film products. Since EIA’s estimate of total U.S.
production of modules includes thin film products and is likely somewhat overstated for purposes of a
coverage calculation for U.S. module production in this investigation, the questionnaire responses
received from U.S. module producers likely account for a higher percentage of U.S. CSPV module
production.

13 Based on a comparison of the total value of 2016 U.S. imports of CSPV cells and modules from all
countries reported in the responses to the Commission’s U.S. importer questionnaire ($7.06 million)
with total landed-duty paid value ($8.55 million) of 2016 U.S. imports of cells and modules as reported
by official Commerce import statistics (HTS 8541.40.6030 and 8541.40.6020). Questionnaire data
coverage presented may be imprecise because the official Commerce statistics may include other
products not within the scope of this investigation, such as thin film solar products.

14 Based on announced and publicly reported capacity by firms in Brazil.

> There is no known cell production in Canada. Bloomberg New Energy Finance database,
https://about.bnef.com/, accessed April 27, 2017; Poissant, Y. and P. Bateman, “National Survey Report
of PV Power Applications in Canada,” IEA PVPS, p, 20, http://www.iea-pvps.org/?id=93. One of the five
responding firms in Canada (Hanwha Q Cells Canada Corp.) provided a questionnaire response with data

(continued...)




e China: 35 firms accounting for approximately 57 percent of CSPV cell production
and 67 percent of module production in 2016 in China.*

e Germany: 6 firms accounting for all known CSPV cell capacity and 51 percent of
module production capacity in Germany in 2016."’

e India: 5 firms accounting for approximately *** percent of CSPV cell production
capacity and *** percent of module production capacity in India.

¢ Indonesia: 3 firms accounting for approximately *** percent of module
production capacity in Indonesia.*®

e Japan: 1 firm accounting for approximately *** percent of CSPV cell production
and *** percent of module production in Japan in 2016.

e Korea: 4 firms accounting for approximately *** percent of CSPV cell production
capacity and *** percent of module production capacity in Korea in 2016.%°

e Malaysia: 10 firms accounting for all known CSPV cell capacity and 93 percent of
module capacity in 2015 in Malaysia.?°

e Mexico: 3 firms accounting for about *** percent of CSPV cell capacity in Mexico
and approximately *** percent of module capacity in Mexico in 2016.%*

(...continued)
on exports from Canada; however, the firm reported that it is not a producer of CSPV products in
Canada.

'8 LV Fang, Xu Honghua, and Wang Sicheng, National Survey Report of PV Power Applications in China
2015, IEA Photovoltaic Power Systems Programme (IEA PVPS), pp. 16-17.

7 The 100-percent coverage for cells is based on responses provided by all cell producers in Germany
in 2016. Photovoltaics—Made In Germany, Germany Trade & Invest, October 2016,
https://www.powerhouse-eastern-germany.de/PEG/Content/DE/Zukunftsfelder/Cleantech-
Industrie/pdf solar.pdf?v=2.

'8 production and capacity data for Indonesia are not readily available, but there are reportedly
additional producers that did not provide questionnaire responses. For a list of the six manufacturers as
of 2014, see Global Business Guide, “Solar Panels in Indonesia: A Bright Future?” July 21, 2014,
http://www.gbgindonesia.com/en/main/business updates/2014/upd solar_panels in_indonesia_a bri
ght future .php. In addition, Canadian Solar subsequently opened a PV manufacturing plant in
Indonesia. Canadian Solar, “Form 20-F,” Annual Filing to the Securities and Exchange Commission, April
27,2017, p. 63, http://investors.canadiansolar.com/phoenix.zhtm|?c=196781&p-=irol-sec.

19 Chinho Park, Kang Won Kim, Jaehong Seo, Jaechon Song, and Deugyoung Jeong, National Survey
Report of PV Power Applications in Korea 2015, |IEA PVPS, September 2016, p. 21, http://www.iea-
pvps.org/?id=93.

2 The 100-percent coverage for cells is based on the fact that all known producing firms responded
to the questionnaire. Sustainable Energy Development Authority Malaysia, National Survey Report of PV
Power Applications in Malaysia 2015, IEA PVPS, p. 19. An eleventh firm in Malaysia (Canadian Solar
(Malaysia)) provided a questionnaire response with data concerning exports from Malaysia; however,
the firm reported that it is not a producer of CSPV products in Malaysia.

21 JUSASOL Website, http://www.iusasol.mx/Home/why us (accessed July 13, 2017); Manufacturer,
“Desde México, Solartec se Abre Paso Por el Mundo,” August 10, 2016,
http://www.manufactura.mx/industria/2016/08/10/desde-mexico-solartec-se-abre-paso-por-el-mundo;
Solartec Website, http://solartec.mx/index.php (accessed July 13, 2017); Solarvatio Website,
(continued...)




e Netherlands: 1 firm accounting for all known production in the Netherlands.?

e Philippines: 1 firm accounting for all known production in the Philippines.23

e Singapore: 1 firm accounting for all known production in Singapore.24

e Taiwan: 15 firms accounting for approximately 82 percent of CSPV cell capacity
and 31 percent of module capacity in Taiwan in 2016.%

e Thailand: 4 firms accounting for approximately 52 percent of CSPV cell
production capacity in 2016 and 44 percent of module capacity in Thailand in
2016.%°

e Vietnam: 5 firms accounting for approximately *** percent of CSPV cell capacity
and *** percent of module capacity in Vietnam in 2016.%’

A summary of data collected on CSPV products in this investigation is presented in
appendix c.® Responses by firms to a series of questions concerning competitive efforts and

(...continued)

http://solarvatio.com/energy/proceso/ (accessed July 13, 2017); PV Magazine, “Mexico's Solartec Opens
up Shop in Texas,” October 23, 2014,
https://www.pvmagazine.com/2014/10/23/mexicossolartecopensupshopintexas 100016906/;
Osborne, Mark, “Flex Confirms Solar Business with SunEdison Went From USS500 Million to Zero,” PV
Tech, January 27, 2017, https://www.pv-tech.org/news/flex-confirms-solar-business-with-sunedison-
went-from-us500-million-to-zero; Grajeda, Jose, “Ciudad Juarez Dominates Solar Panel Manufacturing in
Mexico,” August 4, 2015, https://www.tecma.com/solar-panel-manufacturing-in-mexico-is-dominant-in-
ciudad-juarez/.

22 The 100-percent coverage is based on the fact that all known producing firms responded to the
guestionnaire. Bloomberg New Energy Finance database, https://about.bnef.com/.

2 The 100-percent coverage is based on the fact that all known producing firms responded to the
guestionnaire. Bloomberg New Energy Finance database, https://about.bnef.com/.

?* The 100-percent coverage is based on the fact that all known producing firms responded to the
guestionnaire. Bloomberg New Energy Finance database, https://about.bnef.com/.

2> percentage is based on commissioned capacity as of April 2017. Bloomberg New Energy Finance
database, https://about.bnef.com/, accessed April 27, 2017.

%6 Mints, Paula, “Seven Key Solar PV Industry Metrics and What they Mean to You,” Renewable
Energy World, March 29, 2017, http://www.renewableenergyworld.com/articles/2017/03/four-key-
solar-pv-industry-metrics-and-what-they-mean-to-you.html.

27 \Wu, Chung-Han, “Vietnam: The New Powerhouse for Cell Manufacturing in Southeast Asia,” Boviet
Solar, June 2, 2017, https://www.slideshare.net/Jupiter276/vietham-the-new-powerhouse-for-cell-
manufacturing-in-southeast-asia.

28 Tables presented in appendix C include (1) summary data concerning the U.S. market (country-of-
origin based on cell manufacture location, as well as that based on module manufacture location for
modules assembled in NAFTA countries), (2) summary data concerning the merchant U.S. market for
cells, (3) summary data concerning the U.S. market for CSPV modules (country-of-origin based on cell
manufacture location, as well as that based on module manufacture location for modules assembled in
NAFTA countries), (4) apparent consumption and market share data for modules by channel of
distribution, (5) apparent consumption and market share data by 60-cell vs. 70-cell modules, (6)

(continued...)




proposed adjustments are presented in appendix D. Responses by firms to a series of questions
concerning the effects of imports on U.S. producers’ existing development and production
efforts, growth, investment, research and development, and ability to raise capital are
presented in appendix E. Responses by firms to a series of questions concerning the significance
of existing antidumping and countervailing duty orders are presented in appendix F.

PREVIOUS AND RELATED INVESTIGATIONS

Crystalline Silicon Photovoltaic Solar Cells and Modules from China
(Investigation Nos. 701-TA-481 and 731-TA-1190) (November 2012)

In November 2012, the Commission determined that an industry in the United States
was materially injured by reason of imports of crystalline silicon photovoltaic solar cells and
modules from China that the U.S. Department of Commerce (“Commerce”) found were sold at
less than fair value (“LTFV”) in the U.S. market and subsidized by the Government of China
(“CSPV 1”).° Those investigations resulted from antidumping and countervailing duty petitions
filed by SolarWorld on October 19, 2011. Effective December 7, 2012, Commerce issued
antidumping and countervailing duty orders on those imports.30 Commerce determined that
the country of origin of CSPV modules was the country of manufacture of the CSPV cells.
Therefore, the scope of the orders did not include U.S. imports of CSPV modules assembled in
China from CSPV cells made in a country other than China.*

Certain Crystalline Silicon Photovoltaic Solar Cells and Modules from China and Taiwan
(Investigation Nos. 701-TA-511 and 731-TA-1246-1247) (February 2015)

In February 2015, the Commission determined that an industry in the United States was
materially injured by reason of imports of certain crystalline silicon photovoltaic solar cells and
modules from Taiwan that Commerce found were sold in the U.S. market at LTFV and imports
from China that Commerce found were sold at LTFV and subsidized by the Government of

(...continued)
apparent consumption and market share data by mono-crystalline vs. multi-crystalline modules, and (7)
U.S. imports compiled from official U.S. import statistics.

29 Crystalline Silicon Photovoltaic Cells and Modules from China, Inv. Nos. 701-TA-481 and 731-TA-
1190 (Final), USITC Publication 4360, November 2012 (all six Commissioners reached affirmative
determinations).

0 Crystalline Silicon Photovoltaic Cells, Whether or Not Assembled Into Modules, From the People’s
Republic of China: Countervailing Duty Order, 77 FR 73017, December 7, 2012; Crystalline Silicon
Photovoltaic Cells, Whether or Not Assembled Into Modules, From the People’s Republic of China:
Amended Final Determination of Sales at Less Than Fair Value, and Antidumping Duty Order, 77 FR
73018, December 7, 2012.

1 USITC Publication 4519 at 3-4.



China (“CSPV 2”).2? Those investigations resulted from antidumping and countervailing duty
petitions filed by SolarWorld on December 31, 2013.3® Effective February 18, 2015, Commerce
issued antidumping and countervailing duty orders on those imports from China and an
antidumping duty order on those imports Taiwan.?

In its final CSPV 2 determinations, Commerce defined the subject merchandise from
China to include U.S. imports of the following: (1) CSPV modules assembled in China from CSPV
cells made in Taiwan and (2) CSPV modules assembled in China from CSPV cells made in third
countries. Commerce defined the subject merchandise from Taiwan to include U.S. imports of:
(1) CSPV cells made in Taiwan; (2) CSPV modules assembled in Taiwan from CSPV cells made in
Taiwan; and (3) CSPV modules assembled in third countries other than China from CSPV cells
made in Taiwan. Therefore, the module assembly location mostly determined the country of
origin for U.S. imports of modules (and laminates), except for modules covered by the prior
CSPV 1 orders (which were considered nonsubject merchandise from China), modules
assembled in Taiwan with CSPV cells made in nonsubject countries (which were excluded from
the scope of the Taiwan investigation and considered nonsubject merchandise from Taiwan),
and modules assembled in third countries with CSPV cells made in Taiwan (which were
considered subject merchandise from Taiwan). *

32 Certain Crystalline Silicon Photovoltaic Cells and Modules from China and Taiwan, Inv. Nos. 701-TA-
511 and 731-TA-1246-1247 (Final), USITC Publication 4519, February 2015 (Chairman Schmidtlein, Vice
Chairman Johanson, and Commissioners Williamson and Pinkert voted in the affirmative. Commissioner
Broadbent voted in the affirmative with respect to CSPV modules from China and Taiwan and in the
negative with respect to CSPV cells from Taiwan (CSPV cells from China were not included in the scope
as they were already covered by the CSPV 1 orders). Commissioner Kieff did not participate in the
CSPV 2 investigations).

33 Effective October 1, 2014, SolarWorld Industries America, Inc. changed its name to SolarWorld
Americas, Inc. The petitions stated that they were also supported by the Coalition for American Solar
Manufacturing, which included U.S. producers SolarWorld, ***,

3% Certain Crystalline Silicon Photovoltaic Products From the People’s Republic of China: Antidumping
Duty Order; and Amended Final Affirmative Countervailing Duty Determination and Countervailing Duty
Order, 80 FR 8592, February 18, 2015; Certain Crystalline Silicon Photovoltaic Products From Taiwan:
Antidumping Duty Order, 80 FR 8596, February 18, 2015.

35 Countervailing Duty Investigation of Certain Crystalline Silicon Photovoltaic Products From the
People’s Republic of China: Final Affirmative Countervailing Duty Determination, 79 FR 76962, December
23, 2014; and Certain Crystalline Silicon Photovoltaic Products From the People’s Republic of China: Final
Determination of Sales at Less Than Fair Value, 79 FR 76970, December 23, 2014; see also USITC
Publication 4519 at 3-4, 6. The U.S. Court of International Trade affirmed Commerce’s scope
determinations, as further explained by the agency on remand. See Sunpower Corp. v. United States, CIT
Ct. No. 15-00067, Slip Op. 17-89 (Ct. Int’l Trade Jul. 21, 2017); Kyocera Solar, Inc. v. United States, CIT Ct.
No. 15-00081, Slip Op. 17-90 (Ct. Int’l Trade Jul. 21, 2017).



THE PRODUCT
The imported articles described in this investigation

The imported articles covered by this safeguard investigation are CSPV cells, whether or
not partially or fully assembled into other products, including, but not limited to, modules,
laminates, panels, and building-integrated materials. The investigation covers imports of CSPV
cells of a thickness equal to or greater than 20 micrometers, having a p/n junction (or variant
thereof) formed by any means, whether or not the CSPV cell has undergone other processing,
including, but not limited to cleaning, etching, coating, and/or addition of materials (including,
but not limited to, metallization and conductor patterns) to collect and forward the electricity
that is generated by the CSPV cell.

Included in the scope of the investigation are imports of photovoltaic cells that contain
crystalline silicon in addition to other photovoltaic materials. This includes, but is not limited
to, passivated emitter rear contact (“PERC”) cells, heterojunction with intrinsic thin-layer
(“HNT”) cells, and other so-called “hybrid” cells.>®

Articles under consideration also may be described at the time of importation as
components for final finished products that are assembled after importation, including, but not
limited to, modules, laminates, panels, and building-integrated materials.

Excluded from the scope of investigation are imports of CSPV cells, whether or not
partially or fully assembled into other products, if the CSPV cells were manufactured in the
United States.

Also excluded from the scope of investigation are imports of thin film photovoltaic
products produced from amorphous silicon (a-Si), cadmium telluride (CdTe), or copper indium
gallium selenide (CIGS).

Also excluded from the scope of the investigation are imports of CSPV cells, not
exceeding 10,000mm? in surface area, that are permanently integrated into a consumer good
whose function is other than power generation and that consumes the electricity generated by
the integrated CSPV cell. Where more than one CSPV cell is permanently integrated into a
consumer good, the surface area for purposes of this exclusion is the total combined surface
area of all CSPV cells that are integrated into the consumer good.*’

Like or directly competitive articles

In determining whether an article is being imported into the United States in such
increased quantities as to be a substantial cause of serious injury or the threat thereof to the

% For a detailed description of these items, see the section in Part | of this report titled “Discussion of
specific products.”

37 Crystalline Silicon Photovoltaic Cells (Whether or Not Partially or Fully Assembled into Other
Products): Institution and scheduling of safequard investigation and determination that the investigation
is extraordinarily complicated, 82 FR 25331, June 1, 2017.



domestic industry, Commission first defines “the domestic industry producing an article that is
like or directly competitive with the imported article.”®® In assessing what constitutes the
product(s) that is/are like or directly competitive with the imported article(s), the Commission
takes into account such factors as (1) the physical properties of the article, (2) its customs
treatment, (3) its manufacturing process (i.e., where and how it is made), (4) its uses, and (5)
the marketing channels through which the product is sold. Information relating to these factors
is presented in the sections that follow.

In the previous CSPV 1 and CSPV 2 antidumping and countervailing duty determinations,
where the imported products were similar in scope to the imported articles covered by the
current safeguard investigation, the Commission found one like domestic product consisting of
CSPV cells and CSPV modules but not including thin film products.39 In its CSPV 1 investigations,
the Commission determined not to define CSPV cells and CSPV modules as separate domestic
like products, and no party argued otherwise.*

In the CSPV 2 investigations, the Taiwan respondents argued that the Commission
should define CSPV cells and CSPV modules as separate domestic like products based on a
“semi-finished” domestic like product analysis.*" In its analysis under the “semi-finished
products” factors in CSPV 2, the Commission found that (1) the upstream article (i.e., CSPV
cells) is dedicated for use in the production of the downstream article (i.e., CSPV modules), (2)
there are no separate markets for CSPV cells and CSPV modules, (3) CSPV cells and CSPV
modules share the same primary physical characteristics and functions, (4) CSPV cells undergo

%19 U.5.C. § 2252(b)(1)(A).

%% In antidumping and countervailing duty investigations, the domestic like product is defined as “a
product which is like, or in the absence of like, most similar in characteristics and uses with, the article
subject to an investigation.” 19 U.S.C. § 1677(10). The Commission generally considers a number of
factors in antidumping and countervailing duty investigations, including (1) physical characteristics and
uses, (2) interchangeability, (3) channels of distribution, (4) customer and producer perceptions, (5)
manufacturing facilities, processes, and employees, and where appropriate, (6) price. Nippon Steel
Corp. v. United States, 19 CIT 450, 455 n.4 (1995). The Commission found that due to differences in their
underlying raw materials, manufacturing facilities, manufacturing processes, and production employees,
CSPV and thin film products differ significantly in physical characteristics, conversion efficiency, output,
and other capabilities. The Commission noted that these physical limitations affect their relative prices,
limit their interchangeability, and limit any overlap in channels of distribution, particularly for non-utility
sales. Crystalline Silicon Photovoltaic Cells and Modules From China, Inv. Nos. 701-TA-481 and 731-TA-
1190 (Final), USITC Publication 4360, November 2012, pp. 4-12; Certain Crystalline Silicon Photovoltaic
Products from China and Taiwan, Inv. Nos. 701-TA-511 and 731-TA-1246-1247 (Final), USITC Publication
4519, February 2015, pp. 8-15.

%0 USITC Publication 4360 at 6; USITC Publication 4295 at 10-11.

* Under the semi-finished domestic like product analysis, the Commission considers whether the
upstream product is dedicated for use in the downstream product, whether the upstream and
downstream products are sold in separate markets; differences in physical characteristics and functions
of the upstream and downstream products; differences in value; and extent of the processes used to
transform upstream into downstream articles. Live Cattle from Canada and Mexico, Inv. Nos. 701-TA-
386 and 731-TA-812 and 813 (Preliminary), USITC Publication 3155, February 1999, p. 6.



only one major manufacturing step (assembly) to become CSPV modules and that process does
not change the essential characteristics of the CSPV cells, and (5) CSPV cells represent a
substantial portion of the total cost of finished CSPV modules.*?

In its petition in the current safeguard investigation, Suniva asks the Commission to find
a “single” domestically produced article that is “the same as the imported articles subject to
{the} petition.”*® In its prehearing brief, Suniva argues that “there is a single domestic article—
CSPV cells and CSPV modules.”** It notes that CSPV cells are dedicated for use in modules and
that most domestically produced CSPV cells are consumed in the production of modules by the
U.S. CSPV cell producers themselves. It adds that, although the manufacturing process for CSPV
modules is more technologically sophisticated and more labor intensive than that for CSPV
cells, the added value to the product does not change the basic function of the CSPV cell, but
enhances the CSPV product.* SolarWorld similarly argues in its prehearing brief that “domestic
CSPV cells and modules are like the imported CSPV cells and modules that are the subject of
this investigation.”*® Both Suniva and SolarWorld argue that thin film products are distinct from
CSPV cells and modules and should not be considered part of the same domestic product.47 No
firm requested that the Commission collect data concerning other possible alternative products
in their comments on the Commission’s draft questionnaires*® and no respondent interested
party requested a different definition at the injury hearing or in their prehearing or posthearing
injury briefs.

*2 The Commission concluded that CSPV cells are dedicated for use in CSPV modules, and the vast
majority of the CSPV cells manufactured in the United States are consumed by the CSPV cell
manufacturer in its own production of CSPV modules. It found further that the fraction of CSPV cells
manufactured in the United States that are sold in the commercial market are used to manufacture
CSPV modules, thereby indicating a lack of separate markets for the upstream and downstream
products. The Commission noted that the processes used to manufacture CSPV modules from CSPV cells
are technologically sophisticated, more labor intensive than manufacturing CSPV cells, and add value to
the product, but they enhance rather than change the basic function of the CSPV cells, which is to
convert sunlight into electricity. Certain Crystalline Silicon Photovoltaic Products from China and Taiwan,
Inv. Nos. 701-TA-511 and 731-TA-1246-1247 (Final), USITC Publication 4519, February 2015, pp. 8-15
(Commissioner Broadbent dissenting and finding that CSPV cells and CSPV modules were separate
domestic like products).

3 petition for Global Safeguard Relief Pursuant to Sections 201-202 of the Trade Act of 1974 -
Crystalline Silicon Photovoltaic Cells and Modules (“Petition”), April 26, 2017, pp. 5 and 9.

* Suniva’s prehearing brief, p. 6.

** Ibid., pp. 5-6.

* SolarWorld’s prehearing brief, exhibit 1, p. 7.

* Suniva’s prehearing brief, p. 6.; SolarWorld’s prehearing brief, exhibit 1, p. 8.

*8 Comments on the draft questionnaires were submitted on behalf of the following: (1) Canadian
Solar Inc. and Canadian Solar (USA) Inc., (2) Tesla, Inc. and its subsidiary, SolarCity Corporation, (3) the
Government of Canada, (4) Goal Zero, LLC, (5) Korea Photovoltaic Industry Association, Hanwha Q CELLS
Korea, LG Electronics, and Hyundai Green Energy, (6) Auxin Solar, Inc., (7) Suniva, Inc., (8) Sunrun Inc.,
(9) SolarWorld Americas, Inc., and (10) Solar Energy Industries Association (“SEIA”).
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Physical properties

CSPV cells use crystalline silicon to convert sunlight to electricity and are the basic
elements of a module (figure I-1). They have a positive layer, a negative layer and a positive-
negative junction (p/n junction). Electricity is generated when sunlight strikes the CSPV cell,
knocking electrons loose that flow onto thin metal “fingers” that run across the CSPV cell and
conduct electricity to the busbars.* Most CSPV cells, as of 2016, were 156.0 mm by 156.0 mm
(6.14 inches by 6.14 inches) or 156.75 mm by 156.75 mm (6.17 inches by 6.17 inches).* As of
2017, CSPV cells typically have wattages®" ranging from 4 watts to more than 5 watts per CSPV
cell.>® Cells are the essential element in CSPV modules (also commonly referred to as panels),
which in turn are the main components of CSPV systems. Solar CSPV systems53 convert sunlight
into electricity for on-site use or for distribution through the electric grid.

Figure I-1
CSPV cells

Source: SolarWorld Website, http://www.solarworld.de/en/group/from-sand-to-module/solar-cells/
(accessed July 6, 2017).

* USITC Publication 4519, p. I-19.

Y CSPV wafers are also referred to by nomenclature related to their size (e.g., MO, M1, and M2). M2
wafers have a larger diameter and more surface area than M0 and M1 wafers. International Technology
Roadmap for Photovoltaic (“ITRPV”), 2016 Results, March 2017, pp. 32-33,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a; Atecom
Technology, Company Introduction, n.d., p. 7, https://file01.itaiwantrade.com/7c4db5dd-d9f6-4dc4-
926f-dcec9603a2e7/Atecom Company Introduction - Solar wafer 2016.pdf (accessed July 31, 2017).

> This report will discuss data in terms of watts (W), kilowatts or kW (equal to 1,000 watts),
megawatts or MW (1,000 kW), and gigawatts or GW (1,000 MW).

*2 Compiled from company product data sheets.

>3 In addition to CSPV products, there is commercial production of thin film photovoltaic products
(which are not included in the scope of the investigation). Thin film cells and modules use a several
micron thick layer of a photosensitive semiconductor material such as amorphous silicon (a-Si),
cadmium telluride (CdTe), copper indium (gallium) (di)selenide (CIS or CIGS) to convert sunlight to
electricity. USITC Publication 4360, p. I-20.
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CSPV laminates consist of the CSPV cells that are connected, encapsulated in an ethyl
vinyl acetate (“EVA”) film,>* and covered with a glass front sheet and a back sheet (figure 1-2).>
The back sheet is most commonly a plastic film composite, though glass is also used in some
applications such as bifacial modules (see below for a discussion of bifacial technology).>®

Figure I-2
Layers of a typical CSPV laminate

Tempered glass

High UV-resistant ethylene- -
vinyl acetate (EVA) &

Solar cell matrix

High weather-
resistant backsheet

Source: SolarWorld, “SolarWorld Quality,” brochure, May 2014, 10, https://www.solarworld-
usa.com/~/media/www/files/brochures/sw-01-7182us-flyer-solarworldquality.pdf.

CSPV modules typically consist of the laminate that is typically “framed” in aluminum,
and then attached to a junction box. CSPV modules can be used in both ground-mounted and
rooftop-mounted systems and in both the off-grid market segment and the three on-grid
market segments—residential, nonresidential, and utility.”” The junction box can be connected

>* There are other encapsulation materials that are used, but EVA accounted for more than 90
percent of the market in 2016. ITRPV, 2016 Results, March 2017, p. 17,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a.

> ITRPV, 2016 Results, March 2017, pp. 13, 17,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a; SolarWorld,
“SolarWorld Quality,” brochure, May 2014, 10, https://www.solarworld-
usa.com/~/media/www/files/brochures/sw-01-7182us-flyer-solarworldquality.pdf.

** ITRPV, 2016 Results, March 2017, pp. 17, 36,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a.

> Photovoltaics (PV) do not include solar water heat and concentrated solar power (CSP). While PV
uses a photosensitive semiconductor material to convert sunlight directly to electricity, solar water heat
uses sunlight to heat water and CSP uses reflected sunlight to generate steam or a vapor that turns a
turbine to generate electricity. USITC Publication 4519, p. I-18.
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to other modules, an inverter (which converts the direct current generated by the system to
alternating current), or, in the case of off-grid modules, a charge controller (which controls
battery charging) and battery.”® Typical on-grid modules have 60, 72, or 96 CSPV cells, though
in some instances CSPV cells are cut in half resulting in 120 or 144 half-cut CSPV cells (see the
discussion of specific products section) (figure I-3).>° CSPV 60 cell modules are, on average 65
inches long and 39 inches wide, and are typically 1.5 to 2 inches in depth. CSPV 60 cell modules
commonly weigh between 33 to 51 pounds. CSPV 72 cell modules are generally around 78
inches long, 39 inches wide, and 1.5 to 2 inches thick.?® CSPV 72 cell modules generally weigh
from 45 to 61 pounds.®

Figure I-3
CSPV 60 cell module (left) and 72 cell module (right)

Source: Suniva, Suniva Optimus Series Monocrystalline Solar Modules, OPT Series: OPT 72 cell
modules (silver frame), brochure, January 18, 2017,
http://suniva.com/documents/[SAMD_0060]%20Suniva%200ptimus%2060%20Silver%200COF%20Rev
%205%202017%2001%2018.pdf; Suniva, Suniva Optimus Series Monocrystalline Solar Modules, OPT
Series: OPT 60 cell modules (silver frame), brochure, January 18, 2017,
http://suniva.com/documents/[SAMD_0051]%20Suniva%200ptimus%2072%20cell%2038mmOCOF%20-
%20Rev%209%20-%202017%2001%2018.pdf.

The two main types of CSPV cells and modules are monocrystalline silicon and
multicrystalline (or polycrystalline) silicon, though there are various products within these two

58 USITC Publication 4519, p. I-19.

¥ Schwartz, Joe, “High-Power c-Si PV Module Specifications,” SolarPro, Issue 10.3, May/June 2017,
pp. 48-59, https://solarprofessional.com/articles/products-equipment/modules/high-power-c-si-pv-
module-specifications-2017#.WV-8AP6Wx-A.

% EnergySage, “What is the Average Solar Panel Size and Weight?” n.d.,
http://news.energysage.com/average-solar-panel-size-weight/ (accessed July 7, 2017).

®1 Schwartz, Joe, “High-Power c-Si PV Module Specifications,” SolarPro, Issue 10.3, May/June 2017,
48-59, https://solarprofessional.com/articles/products-equipment/modules/high-power-c-si-pv-
module-specifications-2017#.WV-8AP6Wx-A.
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categories (see the discussion of specific products section). Monocrystalline cells are made
from a single grown crystal and tend to convert sunlight into electricity more efficiently.
Multicrystalline cells have a random crystal structure and tend to have a lower conversion
efficiency.®

The conversion efficiency of CSPV modules has increased over time, with the median
efficiency of modules installed in U.S. residential systems, for example, increasing from 15.3
percent in 2012 to 16.7 percent in 2015 (figure -4).23 The median efficiency of multicrystalline
modules (the only type for which separate data were available) installed in U.S. residential
systems increased from 14.5 percent to 16.0 percent during 2012-15.% There are a range of
conversion efficiencies for monocrystalline and multicrystalline modules. For example,
efficiencies for 72 cell or more multicrystalline modules listed in SolarPro’s 2017 module
specifications range from 15.2 to 17.8 percent, while efficiencies for monocrystalline modules
range from 15.5 to 21.5 percent (figure I-5).

Multicrystalline 60 cell modules commonly range from around 240 to 290 watts, while
monocrystalline 60 cell modules commonly range from around 260 to 320 watts.® The average
output of 72 cell multicrystalline modules listed in SolarPro’s 2017 module specifications was
319 watts, while the average power output of 72 cell monocrystalline modules was 340 watts.®’

®2 Conversion efficiency is the percent of sunlight that is converted to electricity. USITC Publication
4519, p. I-19.

% These data may include some thin film products. Barbose, Galen and Naim Darghouth, Tracking the
Sun IX: The Installed Price of Residential and Non-Residential Photovoltaic Systems in the United States,
Data file, Lawrence Berkeley National Laboratory, 2016, https://emp.lbl.gov/publications/tracking-sun-
ix-installed-price.

% Barbose, Galen and Naim Darghouth, Tracking the Sun IX: The Installed Price of Residential and
Non-Residential Photovoltaic Systems in the United States, Data file, Lawrence Berkeley National
Laboratory, 2016, https://emp.lbl.gov/publications/tracking-sun-ix-installed-price.

% Schwartz, Joe, “High-Power c-Si PV Module Specifications,” SolarPro, Issue 10.3, May/June 2017,
pp. 48-59, https://solarprofessional.com/articles/products-equipment/modules/high-power-c-si-pv-
module-specifications-2017#.WV-8AP6Wx-A.

% Compiled from company module data sheets downloaded in 2017.

%7 SolarPro’s module specifications only include modules of 300 watts or more. Data presented here
for 72 cell modules include those with 144 half-cut cells. Schwartz, Joe, “High-Power c-Si PV Module
Specifications,” SolarPro, Issue 10.3, May/June 2017, pp. 48-59,
https://solarprofessional.com/articles/products-equipment/modules/high-power-c-si-pv-module-
specifications-2017#.WV-8AP6Wx-A.

I-14



Figure I-4
CSPV: Median efficiency of modules installed in residential systems, by year of installation
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Note: The “all modules” category may include some thin film products.

Source: Barbose, Galen and Naim Darghouth, Tracking the Sun IX: The Installed Price of Residential and
Non-Residential Photovoltaic Systems in the United States, Data file, Lawrence Berkeley National
Laboratory, 2016, https://emp.Ibl.gov/publications/tracking-sun-ix-installed-price.

Figure I-5

CSPV: Efficiencies of modules (72 or more cells, 300 or more watts) listed in SolarPro’s 2017
module specifications
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Note: According to SolarPro, its 2017 list of CSPV module specifications includes “232 models with rated
outputs of 300 W STC and greater from 29 manufacturers. The included models are listed and available
for deployment in US-based projects. This c-Si specifications table is not intended to be exhaustive or all-
inclusive; rather, our goal is to present comparative information on a wide cross-section of high-power PV
solutions for utility, commercial and select residential projects.” For comparison purposes, the data
presented here include the models with 72 or more CSPV cells and for which a module efficiency was
included.

Source: Schwartz, Joe, “High-Power ¢c-Si PV Module Specifications,” SolarPro, Issue 10.3, May/June
2017, pp. 48-59, https://solarprofessional.com/articles/products-equipment/modules/high-power-c-si-pv-
module-specifications-2017#.WV-8AP6Wx-A.
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In addition to standard size modules, CSPV cells can be used in building integrated PV
(“BIPV modules” or “BIPV products”). BIPV products are materials integrated into the building
envelope, such as the fagade or roof, containing CSPV cells. These building integrated materials
replace conventional construction materials, such as glass or roof shingles, taking over the
function that conventional materials would otherwise perform while also producing electricity
(figure 1-6).°®

Figure I-6
Building integrated CSPV

Source: Photo courtesy of U.S. Department of Energy (DOE)/National Renewable Energy Lab (NREL),
credit Atlantis Energy, Inc.; USITC Publication 4519, p. I-19.

%8 Steven Strong, “Building Integrated Photovoltaics,” Whole Building Design Guide, October 19,
2016, https://www.wbdg.org/resources/building-integrated-photovoltaics-bipv; Polysolar Ltd., Guide to
BIPV, 2015, p. 1, http://www.polysolar.co.uk/documents/2017%20Guide%20t0%20BIPV.pdf.
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CSPV modules are also used in off-grid applications. In many instances, modules
typically used in on-grid applications may also be used in off-grid applications. For example, a
house that is not connected to the grid could use the same modules as a house that is grid-
connected.®® However, there are a broad range of off-grid applications, such as power
generation in remote locations, mobile power solutions, telecommunications power and
lighting systems, and portable consumer goods (such as systems for recharging consumer
electronics like tablets and phones) (figure 1-7). The CSPV modules used in some of these
applications may be different from those typically used in on-grid applications. For example,
these products are often designed for specific power and portability requirements, and some
modules have different wattages than modules used in grid-connected applications.70

Figure I-7

g

CSPV: Off-grid solar lighting

: : e _
Source: Photo courtesy of DOE/NREL.

% USITC Publication 4519, pp. 1-20-21.

% Ameresco Solar Website, http://www.amerescosolar.com/solar-power-systems-grid-kits-and-
battery-backup (accessed July 9, 2017); Solar Electric Power Company Website, http://www.sepco-
solarlighting.com/systems/solarviper?hsCtaTracking=3ee71ee4-b88f-4b28-a65e-
€a229920c533%7C33d1f599-7389-4913-be23-d083febf832e (accessed July 9, 2017); Solar Stik Website,
http://www.solarstik.com/products/power-generation/ (accessed July 9, 2017); Goal Zero Website,
http://www.goalzero.com/solar-panels (accessed July 9, 2017).
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Manufacturing facilities and processes’*

There are five principal stages to manufacture CSPV products. First, polysilicon is
refined, then it is formed into ingots, which are sliced into wafers, converted to CSPV cells, and
assembled into the finished product, modules (figure 1-8). These are discrete production steps
that may be done in different plants or locations. Companies may source products at each stage
of the value chain or produce the products in-house. CSPV cells and modules are tested and
inspected during the production process.72 The ingot and wafer production process differs for
monocrystalline and multicrystalline cells, as discussed below.

Figure I-8
CSPV production process

o T S—

Note: For ingots, the top picture is a crystal used in monocrystalline wafers, while the bottom picture is an
ingot used in making multicrystalline wafers.

Source: SolarWorld, “Energy for You and Me” brochure, pp. 6—7, 9; ingot photo courtesy of DOE/NREL,
credit John Wohlgemuth, Solarex; USITC Publication 4519.

" This section is primarily from USITC Publication 4519, pp. I-25-29. References are to any additional
sources used for changes to the write-up as it appeared in publication 4519.

2 SolarWorld, “Real Value,” 2016, https://www.solarworld-usa.com/why-choose-solarworld/the-
solarworld-standard#Product _certifications.
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Silicon refining

The first step in the CSPV value chain is refining polysilicon. There are multiple
approaches to polysilicon refining. This discussion will focus on the Siemens method, which
accounted for more than 85 percent of global production in 2016, and fluidized bed reactor
(FBR) technology, which accounts for most of the remaining market.”?

In the first step in the Siemens process, quartz (silicon dioxide) and carbon are heated to
around 1,800 degrees Celsius. The carbon reacts with the oxygen, resulting in carbon dioxide
and silicon with a purity of around 98 to 99 percent. The silicon is then combined with hydrogen
chloride gas at 300 to 350 degrees Celsius, with the reaction resulting in the liquid
trichlorosilane. Next, heated silicon rods are inserted into a Siemens reactor, where they are
further heated to 1,000 degrees Celsius or more. Hydrogen and trichlorosilane gas are fed into
the reactor. The silicon from the trichlorosilane is deposited onto the rods, which steadily
increase in size until they are removed from the reactor about a week later. The resulting
products are high purity polysilicon chunks or rocks.

Instead of inserting rods, “FBR uses seed granules of purified silicon. The seed granules
are fed into a chamber that has heated silane gas entering from below and exiting above. The
flow of gas ‘fluidizes’ the silicon granules, causing them to flow like a liquid, as the silane gas
breaks down and deposits silicon layers on them. The granules grow larger and heavier and exit
when they are sufficiently large. As they do so, new seed granules and gas are introduced into
the chamber and the process continues.””* The FBR process, which is newer than the Siemens
process, uses 80 to 90 percent less energy, requires a smaller footprint, is a continuous process,
takes up less space in shipping, and can increase downstream production efficiency.”” However,
the process is difficult to scale and achieve high purity production at low cost.”

3 ITRPV, 2016 Results, March 2017, p.9,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a.

4 REC Silicon website, http://www.recsilicon.com/technology/rec-silicons-fluidized-bed-reactor-
process (accessed June 12, 2017).

7> REC Silicon website, http://www.recsilicon.com/technology/rec-silicons-fluidized-bed-reactor-
process (accessed June 12, 2017); IHS Markit, “Fluidized Bed Reactor Technology Stakes Its Claim in Solar
Polysilicon Manufacturing,” News release, May 7, 2014, http://news.ihsmarkit.com/press-
release/design-supply-chain-media/fluidized-bed-reactor-technology-stakes-its-claim-solar-poly.

7% IHS Markit, “Fluidized Bed Reactor Technology Stakes Its Claim in Solar Polysilicon Manufacturing,”
News release, May 7, 2014, http://news.ihsmarkit.com/press-release/design-supply-chain-
media/fluidized-bed-reactor-technology-stakes-its-claim-solar-poly.
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Ingots and wafers for monocrystalline cells

In the Czochralski process’’ for producing crystals used in monocrystalline wafers,
polysilicon rocks are first placed into a quartz crucible along with a small amount of boron,
which is used to provide a positive electric orientation (figure 1-9). The crucible is then loaded
into a Czochralski furnace and heated to about 2,500 degree Fahrenheit. Once the polysilicon is
melted, a seed crystal is lowered into the material and rotated, with the crucible rotated in the
opposite direction. The melt starts to solidify on the seed and the seed is slowly raised out of
the melt—creating a single long crystal. The crystal is then cooled before it is moved onto the
next step. The process of growing the crystal takes about 2.5 days.”

Figure I-9
Czochralski process, crucible loading/charging (left), seed crystal (second from left), crystal
growing (second from right), and finished crystal (right)

1
Polysilicon rock
with boron
impregnated

e silicon disk

tiarts ot !

crucible OSSN Steel
furnace
encasement

Source: SolarWorld Website, https://www.solarworld-usa.com/solar-101/making-solar-panels (accessed
July 15, 2017).

7 This discussion will focus on the Czochralski process, which accounted for more than 95 percent of
production in 2016. ITRPV, 2016 Results, March 2017, p. 19,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a.

78 SolarWorld Website, https://www.solarworld-usa.com/solar-101/making-solar-panels (accessed
July 15, 2017).
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Once the crystal has cooled, it is processed into wafers. The top and tail (each end of the
cylindrical crystal) are cut off (figure 1-10).”° The remaining portion of the crystal (or ingot) is
cut into equal length pieces and squared. In squaring, the rounded sides of the ingot are cut
into four flat sides, leaving only rounded corners. A wire saw then slices the ingots into wafers.
A majority of global manufacturers have switched to diamond wire saws for monocrystalline
wafer slicing, which has several benefits including increasing the speed of the production
process.80 The wafers are then cleaned, dried, and inspected.81

Figure I-10
Wafer production: Cutting off the top and tail (left), squaring (middle), and slicing into wafers
(right)

Crystal ingot R Ingots standing on end beneath wire Grinding and polishing

lattice used >
to square e EFEPS smooth ingots’
them sides

Saw wire

Source: SolarWorld Website, https://www.solarworld-usa.com/solar-101/making-solar-panels (accessed
July 15, 2017).

Ingots and wafers for multicrystalline cells

For multicrystalline ingots, the first step is also loading polysilicon into a crucible. This
crucible is then loaded into a directional solidification systems (“DSS”) furnace, where it is cast
into ingots. The ingot is then cut into blocks. These blocks are tested and any parts of the block
that do not pass these tests are cropped off. The blocks are sliced into wafers using a wire saw.

7 These tops and tails can be re-used. Yingli Solar, Form 20-F, Annual Filing to the Securities and
Exchange Commission, May 16, 2017, p. 64, http://ir.yinglisolar.com/phoenix.zhtm|?c=213018&p=irol-
sec.

8 ITRPV, 2016 Results, March 2017, pp. 8-9,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a; Meyer Burger
Website, https://www.meyerburger.com/gh/en/technologies/photovoltaics/high-efficiency-
technologies/diamond-wire/ (accessed July 15, 2017); Roselund, Christian, “SolarWorld Invests in
Diamond Wire Saws for German Wafering,” PV Magazine, January 16, 2017, https://www.pv-
magazine.com/2017/01/16/solarworld-to-invest-in-diamond-wire-saws-for-german-wafer-production/.

81 JA Solar, “Form 20-F,” Annual Filing to the Securities and Exchange Commission,” April 26, 2017, p.
43, http://investors.jasolar.com/phoenix.zhtmI?c=208005&p=irol-sec.
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Finally, the wafers are cleaned, dried, and inspected.® This process results in square wafers,
while the monocrystalline process results in wafers with rounded corners.

CSPV cells®

The monocrystalline and multicrystalline wafers, which are 180 to 200 micrometers
thick, are next processed into CSPV cells. CSPV cell production is capital intensive and requires a
skilled workforce. Some firms use a highly automated manufacturing process, while others mix
automation and manual labor in their production processes.®* The main steps® in CSPV cell
production are as follows:

e Cleaning and texturing: First, the wafers are cleaned, then the surface of the wafer
undergoes a chemical treatment that reduces the reflection of sunlight and increases
light absorption (figure I-11).

e Diffusion: In the next step, “phosphorus is diffused into a thin layer of the wafer
surface. The molecular-level impregnation occurs as the wafer surface is exposed to
phosphorus gas at a high heat, a step that gives the surface a negative potential
electrical orientation. The combination of that layer and the boron-doped layer below
creates a positive-negative, or P/N, junction—a critical partition in the functioning of a PV
cell.”®

e Edge isolation: A thin layer of silicon is then removed from the edge of the CSPV cell to
separate the positive and negative layers.

e Coating: Next, a silicon nitride antireflective coating is added to the PV cells to increase
the absorption of sunlight.

e Printing: Metals are then printed on the solar CSPV cell to collect the electricity. On the
front of the CSPV cell these metals are printed in thin metal strips called fingers, which
are connected to the rest of the module via busbars. A metal layer, typically aluminum,
is also printed on the back of the CSPV cell.¥’

8 JA Solar, “Form 20-F,” Annual Filing to the Securities and Exchange Commission,” April 26, 2017, p.
43, http://investors.jasolar.com/phoenix.zhtml?c=208005&p=irol-sec.

® The cell manufacturing process varies by company and technology.

8 JA Solar, “Form 20-F,” Annual Filing to the Securities and Exchange Commission,” April 26, 2017, p.
42, http://investors.jasolar.com/phoenix.zhtml?c=208005&p=irol-sec.

& This section will discuss the general manufacturing process. There may be additional steps for
some of the specific technologies discussed below.

% SolarWorld, “Energy for You and Me” brochure, p. 12.

8 JA Solar, “Form 20-F,” Annual Filing to the Securities and Exchange Commission,” April 26, 2017, p.
42, http://investors.jasolar.com/phoenix.zhtm|?c=208005&p=irol-sec; E-Ton Solar Website,
http://www.e-tonsolar.com.tw/Technology.asp?le=english&fid=63 (accessed June 9, 2017).
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e Co-firing: The CSPV cells then enter a furnace, where the “high temperature causes the
silver paste to become imbedded in the surface of the silicon layer, forming a reliable

electrical contact.”®®
e Testing and sorting: The final step in the process is the testing and sorting of the CSPV

cells based on their characteristics and efficiency.

Figure I-11
CSPV cell production: Texturing (top) and screen printing (bottom)

Chemical bath

Clean suits ensure a
sterile environment

Drying oven

Printing template

Source: SolarWorId, “Energy for You and Me” brochure, pp. 12-13.

8 )A Solar, “Form 20-F,” April 16, 2013, p. 41.
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Modules

The CSPV cells are next assembled into modules. The extent of automation and manual
labor involved in module assembly varies depending on the company, though it is generally the
most labor intensive part of the manufacturing process. First, a string of CSPV cells is soldered
together (figure I-12). A piece of glass is placed on the production line, on top of which is added
a piece of ethyl vinyl acetate (“EVA”). The CSPV cells are laid out in a rectangular matrix that will
provide the appropriate wattage and power requirements. Typically a sealant is added, often
EVA, and a back sheet is added. The CSPV cells are then laminated in a vacuum and are cured.
At this stage the CSPV cells are referred to as a “laminate.” Frames are then usually attached to
the laminate, and a junction box is attached to the back. In the final step, modules are cleaned
and inspected.

Figure 1-12
Soldering CSPV cells together into strings

Cell string

Source: SolarWorld, “Energy for You and Me” brochure, pp. 12-13.

Uses®®

There are four primary market segments for CSPV products. There are three grid-
connected market segments—residential, nonresidential, and utility—and an off-grid market. In
the grid-connected market, installations are usually either ground-mounted or roof-mounted.
In addition to the module, there are a number of other components of the installation called

8 This section is primarily from USITC Publication 4519, pp. I-21-25. References are to any additional
sources used for changes to the analysis as it appeared in publication 4519.
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the balance of system (“BOS”). The BOS includes components such as the inverter, and the
racking on which the system is installed.”

Residential grid-connected systems are installed at individual homes. CSPV modules are
typically installed on the roof, though they can also be ground-mounted, and connected to an
inverter. The system can use a central inverter, which converts the power from multiple
modules, or each module can have its own microinverter attached. In residential installations,
the electricity generated by the system is used for power in the individual home (figure 1-13).
Homeowners use grid energy when solar electricity generation is not sufficient to meet demand
and often feed energy back into the grid when solar electricity generation exceeds home use. In
the United States, the median size of a residential PV installation increased from 5.5 kilowatts
(“kW”) in 2012 to 6.1 kW in 2015.%* %2

Figure I-13
Residential grid-connected CSPV system

Residential Grid Connected PV System

Solar
Panels

Home Power/
Appliances

03529701

Source: DOE, Office of Energy Efficiency and Renewable Energy (EERE) Website,
http://www.energysavers.gov/your _home/electricity/index.cfm/mytopic=10720 (accessed November 9,
2011); USITC Publication 4519, p. I-22.

% |n addition to equipment, there are a number of services associated with installing a PV system
such as site assessment and design, permitting, financing, and the system installations, as well as
operations and maintenance services after the installation is completed.

%1 Barbose, Galen and Naim Darghouth, Tracking the Sun IX: The Installed Price of Residential and
Non-Residential Photovoltaic Systems in the United States, Data file, Lawrence Berkeley National
Laboratory, 2016, https://emp.lbl.gov/publications/tracking-sun-ix-installed-price.

921,000 watts equals 1kW; 1,000 kW equals 1 MW; 1,000 MW equals 1 GW; and 1,000 GW equals 1
TW.
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Nonresidential systems are installed at commercial, industrial, government, and similar
buildings and sites (figure 1-14). Nonresidential installations are typically larger than residential
installations—for nonresidential systems 500 kW or less, the median size in 2015 was 31 kW,
though systems can be substantially larger.” However, they function similarly to residential
installations, providing electricity to meet onsite needs, pulling additional electricity from the
grid when needed, and feeding excess electricity back into the grid when it is not needed.”

Figure I-14
Installation of a nonresidential CSPV system

-

% Nonresidential systems can also be substantially larger. The Tracking the Sun report also includes
the median size of systems 500 kW or larger, which was 1.1 GW in 2015. However, their definition of
system size likely includes systems that would be classified as utility projects in other definitions.
Barbose, Galen and Naim Darghouth, Tracking the Sun IX: The Installed Price of Residential and Non-
Residential Photovoltaic Systems in the United States, Data file and report, Lawrence Berkeley National
Laboratory, 2016, pp. 7, 11, https://emp.lbl.gov/publications/tracking-sun-ix-installed-price.

% Sherwood, Larry, U.S. Solar Market Trends 2013, July 2014, p. 16, http://www.irecusa.org/wp-
content/uploads/2014/07/Final-Solar-Report-7-3-14-W-2-8.pdf.
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Utility systems are generally the largest systems, and provide electricity directly to the
electric grid for sale to customers rather than for on-site use (figure 1-15). The median size of
utility projects was 4.9 MW and the mean size was 17.15 MW during 2012-16.% These systems
are generally ground-mounted and currently tend to use central inverters rather than
microinverters. CSPV utility systems may involve fixed tilt, single axis tracking (panels rotate to
follow the east-west movement of the sun), or dual axis tracking (panels also move to follow
the north-south movement of the sun during the year). During 2012-15, 72 percent of installed
systems larger than 5 MW used tracking, with most systems using single axis tracking.96 While
prior to 2012 most utility systems installed in the United States were 600 volts, higher 1,000
volt utility systems became increasingly common during 2012-16 and toward the end of this
time period 1,500 volt systems were introduced in the U.S. market. These higher voltage
systems use fewer balance of system components, require less installation time, reduce
electricity losses, and lead to higher inverter efficiencies. This results in lower energy costs.”’

Figure I-15
La Ola PV plant, a utility CSPV system on Lanai, Hawaii

L

Source: Photo courtesy of DOE/NREL, credit Jamie Keller; USITC Publication 4519, p. -24.

% Based on data from GTM and the August 2017 Utility PV tracker for 1,850 projects. KOPIA
posthearing brief, exhibit 2, p. 2. The definition of utility systems, however, can vary by source of
information.

% In their utility-scale report, LBNL uses alternating current for capacity rather than direct current.
Bolinger, Mark and Joachim Seel, Utility-Scale Solar 2015: An Empirical Analysis of Project Cost,
Performance, and Pricing Trends in the United States, LBNL-1006037, August 2016, report, pp. 5-6 and
Data File, https://emp.lbl.gov/publications/utility-scale-solar-2015-empirical.

7 One thousand volt systems are also used in some commercial installations. UL Website,
http://www.ul.com/newsroom/featured/ul-provides-1500-volt-pv-module-certification/ (accessed July
10, 2017); Roselund, Christian, “1500-volt Systems to Account for 9% of Utility-scale PV Installations in
2016,” PV Magazine, January 11, 2016, https://www.pv-magazine.com/2016/01/11/1500-volt-systems-
to-account-for-9-of-utility-scale-pv-installations-in-2016 100022732/; Moskowitz, Scott, “The Next
Opportunity for Utility PV Cost Reductions: 1,500 Volts DC,” Greentech Media, May 14, 2015,
https://www.greentechmedia.com/articles/read/The-Next-Opportunity-for-Utility-PV-Cost-Reductions-
1500-Volts-DC; Morgenson, Jim, “Choose 1,000 Volts for Commercial PV Applications,” Solar Builder,
January 20, 2014, http://solarbuildermag.com/featured/1000-volts-inverters-sma-america/.
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As noted above, there are a broad range of off-grid applications, such as power
generation in remote locations, mobile power solutions, telecommunications power and
lighting systems, and portable consumer goods (such as systems for recharging consumer
electronics like tablets and phones). These systems often have additional balance of system
components, such as a battery and charge controller, though inverters are not needed for all
off-grid applications.

Marketing channels
Channels of distribution

U.S. producers’ and importers’ commercial U.S. shipments, by channels of distribution,
are presented in table I-1. CSPV products are generally sold in the United States to
distributors,98 residential and commercial installers,99 and utility/developers. Domestic
producers sold CSPV products to all channels of distribution during the period of investigation,
but sold a majority of their products to distributors (a majority of which were then sold to
residential installers)'® and a substantial amount to commercial installers. U.S. producers
reported that a minor amount of their U.S. commercial shipments consist of CSPV cells to
module assemblers.’®* Domestic producers reported that *** percent or less of their total
commercial U.S. shipments were to utilities or developers during 2012-16. U.S. importers
commercially shipped CSPV products to all channels of distribution during 2012-16, except for
module assemblers. A majority of sales of imported products by U.S. importers were to
utility/developers, with a substantial amount going to commercial and residential installers.

% Solar distributors typically sell CSPV products into the residential and nonresidential market,
including to the installers that operate in these market segments. DiFrangia, Michelle, “How Distributors
Do Solar,” Solar Power World, April 30, 2014,
https://www.solarpowerworldonline.com/2014/04/distributors-solar/.

 |nstallers are firms that are responsible for the CSPV system installation; however, they may
subcontract some parts of the installation to other firms such as electrical contractors. Installers may sell
the system themselves or be contracted by other system sellers, such as third-party owners, to install
the system. Certain Crystalline Silicon Photovoltaic Products from China and Taiwan, Inv. Nos. 701-TA-
511 and 731-TA-1246-1247 (Final), USITC Publication 4519, February 2015, p. II-3.

100 A substantial portion of U.S. producers’ total U.S. commercial shipments of modules were
originally identified as shipments to distributors in their questionnaire responses (***). Domestic
producers were subsequently asked to re-categorize the distributor data according to sales to the likely
end user. The data presented in table I-1 reflect two of the responding domestic producers’ re-
assignment of the U.S. producers’ U.S. commercial shipments of modules to distributors according to
the most likely end user. ***. SolarWorld’s posthearing brief, exhibit 1, p. 94; Suniva’s posthearing brief,
exhibit 1.

101 cspV cells are typically internally consumed to produce solar modules by U.S. producers, but may
also be sold to companies that fabricate modules or panels. Certain Crystalline Silicon Photovoltaic
Products from China and Taiwan, Inv. Nos. 701-TA-511 and 731-TA-1246-1247 (Final), USITC Publication
4519, February 2015, p. lI-3.
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Table I-1
CSPV products: U.S. producers’ and importers’ commercial U.S. shipments, by channels of
distribution, 2012-16

* * * * * * *
Market segments

The largest grid-connected market segment in 2016 was the utility segment, with 10.6
GW in 2016 installations (including thin film products). This was followed by the residential
sector with 2.6 GW and the nonresidential sector with 1.6 GW. The residential market
exceeded the nonresidential market in size during 2014-16, but was smaller during 2012-13.
Public information on the size of the off-grid market was not readily available. The remainder of
this section provides a brief description of each of the industries in these market segments,
though in many cases the industries overlap. For example, many nonresidential installers also
install residential CSPV systems.

There were several thousand residential solar installers in the United States in 2015
(latest available), most of which are relatively small firms.'%® According to one installer survey,
the median volume installed by residential installers in 2016 was 500 kW.* However, there are
also larger firms operating in multiple states, and the top three installers accounted for 48
percent of the market in the second quarter of 2016.'® Many installers offer financing options
to customers, and some installers also offer customers the option to lease or purchase the
power from the system (known as third party ownership or TPO) rather than buy the system
itself.’% While TPO accounted for the majority of installations during 2012-16, the share of the
market accounted for by TPO systems peaked in 2014.'%’

There were over 1,000 nonresidential installers in 2015, many of which also installed
residential systems.'®® As with residential installers, the majority of nonresidential installers are

102

192 GTM Research and the Solar Energy Industries Association (SEIA), U.S. Solar Market Insight: 2016
Year in Review, Executive Summary, 2017, pp. 6, 10-11.

193 Tracking the Sun Public Data File, The Open PV Project, National Renewable Energy Laboratory,
https://openpv.nrel.gov/search (accessed July 11, 2017).

10% EnergySage, Solar Installer 2016 Survey Results, January 2017, 2.

195 The top ten installers combined accounted for 58 percent of the market. Allison Mond, “The Rise
of the Regional Solar Installer,” June 22, 2016, https://www.greentechmedia.com/articles/read/the-rise-
of-the-regional-solar-installer; EnergySage, Solar Installer 2016 Survey Results, January 2017, 2.

196 EnergySage, Solar Installer 2016 Survey Results, January 2017, 4-5; USITC, Renewable Energy and
Related Services: Recent Developments, Investigation No. 332-534, USITC Publication 4421, August 2013,
pp. 3-2-3, 3-8-9.

197 itvak, Nicole, “U.S. Residential Solar Financing 2016-2021,” November 2016, Greentech Media,
https://www.greentechmedia.com/research/report/us-residential-solar-financing-2016-2021.

198 Tracking the Sun Public Data File, The Open PV Project, National Renewable Energy Laboratory,
https://openpv.nrel.gov/search (accessed July 11, 2017).
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small—the median installation volume in one installer survey was 285 kW.'%° The largest

nonresidential installers account for a smaller share of the market than the largest residential
installers. In 2015, the top three nonresidential installers accounted for about 26 percent of the
market.*'® As with residential installers, many commercial installers offer financing and TPO
options, though these account for a smaller share of nonresidential installations than
residential.*!

PV installations and other PV activities are the primary business lines for most
residential and nonresidential solar installers, though the primary business lines for some firms
that install PV systems are related activities such as electrical contracting, general contracting,
and roofing.112 Firms often compete with a large number of other installers, with 47 percent of
firms reporting 20 or more competitors.113

The utility segment is the most concentrated in terms of the number of active project
developers and engineering, procurement, and construction (“EPC”) firms. *** The top nine
utility project developers in 2016 accounted for a combined 70 percent of the market in 2016,
and the top nine EPC firms accounted for 69 percent of the market.'*> This is the largest
market segment so many of these firms also installed a much larger volume of products in 2016
than firms in the other market segments.116 The types of firms that develop utility projects are
diverse and the industry is composed of (1) firms whose primary business is project
development; (2) firms that are engaged in both producing equipment (e.g., modules) and
developing projects; (3) unregulated entities related to major utility companies; (4) other

199 EnergySage, Solar Installer 2016 Survey Results, January 2017, 2.

Cory Honeyman, “U.S. Solar Market Outlook: Market Drivers and Competitive Landscape Trends
Shaping U.S. Solar Demand,” GTM Research, July 2016, 18, http://sunspec.org/wp-
content/uploads/2016/07/HoneymanGTMResearchSunSpecintersolarPVFinance.pdf.

11 USITC, Renewable Energy and Related Services: Recent Developments, Investigation No. 332-534,
USITC Publication 4421, August 2013, pp. 3-2-3, 3-8-9; Barbose, Galen and Naim Darghouth, Tracking
the Sun IX: The Installed Price of Residential and Non-Residential Photovoltaic Systems in the United
States, Data file, Lawrence Berkeley National Laboratory, 2016, pp. 12-13,
https://emp.lbl.gov/publications/tracking-sun-ix-installed-price.

12 energySage, Solar Installer 2016 Survey Results, January 2017, 2.

13 EnergySage, Solar Installer 2016 Survey Results, January 2017, 8.

114 USITC Publication 4519, pp. II-5-6; Solar Power World, “2016 Top Solar Utility Contractors,
https://www.solarpowerworldonline.com/2016-top-solar-utility-contractors/ (accessed July 11, 2017);
Energy Acuity, 2016 Solar Report: Utility Scale, March 2017, pp. 7, 11,
https://www.energyacuity.com/energy-acuity-reports.

115 Excludes projects where First Solar, the largest global thin film producer, was listed as the
developer or the EPC provider. However, the data likely still contain some thin film products. Energy
Acuity, 2016 Solar Report: Utility Scale, March 2017, pp. 7, 11, https://www.energyacuity.com/energy-
acuity-reports; Finlay Colville, “Top-10 Solar Cell Producers in 2016,” PV Tech, January 30, 2017,
https://www.pv-tech.org/editors-blog/top-10-solar-cell-producers-in-2016.

118 Solar Power World, “2016 Top Solar Utility Contractors,”
https://www.solarpowerworldonline.com/2016-top-solar-utility-contractors/ (accessed July 11, 2017).

110
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117 project developers

118

independent power producers (“IPPs”); (5) utilities; and (6) other firms.
may perform EPC services, or large contractors often handle these services.

The off-grid market segment is diverse, and within it there are a number of very
different market segments. For example, some CSPV off-grid products, such as solar chargers
and solar generators, are sold directly to consumers or through retail channels.'*® Other CSPV
off-grid products—such as solar street lighting and off-grid power systems—are sold, either
directly or through entities such as installers and contractors, to users such as industrial,
commercial, and government entities.'*°

Discussion of specific products

There are a number of different CSPV cell and module technologies currently produced
by CSPV manufacturers. This section will describe some of those technologies, as well as some
of the companies producing these products globally. The extent to which each technology is
used by U.S. producers and importers is discussed in Part Il and Part /ll. During 2013-16,
standard multicrystalline silicon and standard monocrystalline silicon accounted for most global
production. Advanced process technologies increased their share of the market in 2016,
primarily due to increasing production of passive emitter rear contact (“PERC”) cells.***

7 An IPP is an entity that primarily produces electricity for sale on the wholesale market. It is not a

utility, does not own electricity transmission, and does not have a designated service area. This is based
on the Energy Information Administration definition as summarized in USITC Publication 4421. USITC,
Renewable Energy and Related Services: Recent Developments, Investigation No. 332-534, USITC
Publication 4421, August 2013, pp. 3-14-15.

18 USITC, Renewable Energy and Related Services: Recent Developments, Investigation No. 332-534,
USITC Publication 4421, August 2013, pp. 3-15-16.

119 Costco Website, https://www.costco.com/Goal-Zero-Sherpa-50-Solar-Kit--Power-on-the-
Go.product.100145834.html (accessed July 9, 2017); Academy Sports and Outdoors Website,
http://www.academy.com/shop/browse/hunting/wildlife-feed--feeders/feeder-accessories/solar-panel-
chargers (accessed July 15, 2017); Goal Zero Website, http://www.goalzero.com/p/12/nomad-13-solar-
panel (accessed July 15, 2017).

120 Ameresco Solar Website, http://www.amerescosolar.com/about-ameresco-solar-what-we-do
(accessed July 15, 2017); Solar Stik Website, http://www.solarstik.com/photo-gallery/ (accessed July 15,
2017); Sol Website, http://solarlighting.com/contractors/ (accessed July 16, 2017); EnGo Planet
Website, https://www.engoplanet.com/projects (accessed July 15, 2017).

121 5plar Media, "PV Module Supply in 2017: Leading Global Suppliers, Performance Benchmarks and
Maximizing Investor Returns,” August 30, 2017, p. 10; Colville, Finlay, “China and OEM cell production in
2016 delays shift to p-type mono,” PV Tech and Solar Media, January 26, 2017, https://www.pv-
tech.org/editors-blog/china-and-oem-cell-production-in-2016-delays-shift-to-p-type-mono.
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Global CSPV module shipments by technology type
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Source: Solar Media, "PV Module Supply in 2017: Leading Global Suppliers, Performance Benchmarks
and Maximizing Investor Returns,” August 30, 2017, p. 10; Colville, Finlay, “China and OEM Cell
Production in 2016 Delays Shift to p-type Mono,” PV Tech and Solar Media, January 26, 2017,
https://www.pv-tech.org/editors-blog/china-and-oem-cell-production-in-2016-delays-shift-to-p-type-mono.

Notes: Advanced process in 2016 was primarily PERC cells. n-type mono includes all types of n-type
production.

n-Type Mono

In the production of most types of monocrystalline CSPV wafers, the silicon is doped
with boron (as described above) to create a positive electrical orientation. In the production of
n-type mono wafers, the silicon is doped with phosphorous to create a negative electrical
orientation. In the cell production process, a positive layer is added to create the p/n junction.
n-type cells can be more expensive to produce, but have a number of benefits, such as higher
conversion efficiencies, no light induced degradation, and they can be made using less pure
wafers.'?

122 American Chemical Society Website,

https://www.acs.org/content/acs/en/education/resources/highschool/chemmatters/past-
issues/archive-2013-2014/how-a-solar-cell-works.html?cq ck=1%E2%80%A6 (accessed August 24,
2017); Radovan Kopecek and Joris Libal, “Switch from p to n,” PV Magazine, June 5, 2012,
https://www.pv-magazine.com/magazine-archive/switch-from-p-to-n 10007072/; EnergyTrend, “Solar
Manufacturers Vie for Control of Nascent N-type Mono Cell Market,” October 27, 2014,
http://pv.energytrend.com/price/20141027-7645.html; Roselund, Christian, “N-type Mono is Coming,
but When?” PV Magazine, July 14, 2014, https://www.pv-magazine.com/2014/07/14/n-type-mono-is-
coming-but-when 100015728/.
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In 2016, n-type mono accounted for less than 5 percent of global CSPV cell
production.’® As of 2012, there were a relatively small number of producers of n-type mono
products, including LG, Panasonic, SunPower, and Yingli. These companies remained among the
leading suppliers of these products in 2016.%%*

Passive Emitter Rear Contact (PERC)
Passive Emitter Rear Contact (PERC)*? cells incorporate an additional rear dielectric
layer that reflects light that did not generate electricity as it initially passed through the CSPV
cell back into the CSPV cell. There is, therefore, another opportunity for the CSPV cell to absorb
this light. PERC cells have a higher efficiency, and improved performance in certain conditions,
such as low light and high heat conditions. Existing CSPV cell production lines can be
reconfigured to produce PERC cells with the addition of two steps. Therefore, the changeover
to PERC technology is relatively straightforward, though there are some challenges with PERC
technology such as the potential for more rapid cell degradation.126

PERC and related technologies accounted for more than 10 percent of the global market
in 2016, and their production (particularly of monocrystalline PERC) is expected to significantly
increase in the next few years, with one estimate projecting more than 15 GW of global PERC
production in 2017.%%” SolarWorld was the first company to commercialize PERC production,
with Sunrise Global, Hanwha QCells, and REC also starting commercial production relatively

12 5olar Media, “PV Module Supply in 2017: Leading Global Suppliers, Performance Benchmarks and
Maximizing Investor Returns,” August 30, 2017, p. 10.

124 padovan Kopecek and Joris Libal, “Switch from p to n,” PV Magazine, June 5, 2012,
https://www.pv-magazine.com/magazine-archive/switch-from-p-to-n_10007072/; LG Electronics, “LG
Electronics Introduces High-Performance, Lightweight Mono-X Neon Solar Modules,” News release,
September 3, 2012, http://www.lg.com/us/business/about/press-release/Ig-electronics-introduces-
high-performance-lightweight-mono-x-neon-solar-modules; Colville, Finlay, “China and OEM Cell
Production in 2016 Delays Shift to p-type Mono,” PV Tech and Solar Media, January 26, 2017,
https://www.pv-tech.org/editors-blog/china-and-oem-cell-production-in-2016-delays-shift-to-p-type-
mono.

12 This section will focus on PERC technology, but there are a range of related technologies such as
Passivated Emitter Rear Totally Diffused (“PERT”) and Passivated Emitter Rear Locally Diffused (“PERL").
Aleo website, http://www.aleo-solar.com/perc-cell-technology-explained/ (accessed June 9, 2017).

126 Aleo website, http://www.aleo-solar.com/perc-cell-technology-explained/ (accessed June 9,
2017); Gustin, Gena, “What is PERC? Why Should you Care?” July 5, 2016, Solar Power World, June 9,
2017, http://www.solarpowerworldonline.com/2016/07/what-is-perc-why-should-you-care/; Schmid
Group, “PERC Cells: Production Costs Down, Efficiency Up,” News release, May 18, 2016, http://schmid-
group.com/en/schmid-group/news-events/press-releases/perc-cells-production-costs-down-efficiency-
up/.

1271 TRPV, 2016 Results, March 2017, pp. 34-35,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a; Colville,
Finlay, “PERC Solar Cell Production to Exceed 15GW in 2017,” PVTech, July 27, 2017, https://www.pv-
tech.org/editors-blog/perc-solar-cell-production-to-exceed-15gw-in-2017.
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early.’®® Among module suppliers listed by Taiyang News, SolarWorld has the highest

monocrystalline PERC production efficiency (at 21.6 percent), followed by Trina (21.12 percent)
and Tainergy and Talesun (21.1 percent), though a number of suppliers have only slightly lower
efficiencies.’® Trina has the highest multicrystalline production efficiency among module
suppliers listed by Taiyang News (19.86 percent), followed by HT-SAAE (19.8 percent), and
Astronergy and Suntech (19.7 percent). REC Group, which is not listed by Taiyang, also reports
production of high efficiency multicrystalline PERC cells.*°

Heterojunction

Heterojunction cells, which include heterojunction with intrinsic thin layer (HIT), add
thin layers of photosensitive semiconductor materials (typically amorphous silicon) on top of a
monocrystalline wafer. These additional layers increase the absorption of sunlight, and the
overall efficiencies of the CSPV cells. They also perform better in hot climates than typical
monocrystalline cells. They are more expensive to produce and are difficult to scale up to
commercial production, however, so only a few companies currently produce this
technology.131

Panasonic was the first large-scale producer of heterojunction cells globally, and held
many of the key patents related to heterojunction technology until they expired in 2010.%*
Other companies with production of heterojunction cells include BenQ Solar, Ecosolifer, Hevel,
Kaneka, Sunpreme, and Tesla. Solartech Universal assembles modules from heterojunction

128 chunduri, Shravan K. and Michael Schmela, PERC Solar Cell Technology 2016: Background, Status
and Outlook, Taiyang News, 2016, pp. 21-22,
http://taiyangnews.info/TaiyangNews%20PERC%20Report%202016%20FINAL.pdf; Chunduri, Shravan K.
and Michael Schmela, “PERC Solar Cell Technology, 2017 Edition,” 2017,
http://taiyangnews.info/reports/, p. 41; Hearing transcript (Stein), p. 220.

122 Two equipment suppliers, Meyer Burger and Centrotherm, report production efficiencies between
SolarWorld and Trina. Chunduri, Shravan K. and Michael Schmela, “PERC Solar Cell Technology, 2017
Edition,” 2017, http://taiyangnews.info/reports/, p. 39.

130 Equipment supplier Meyer Burger lists a production efficiency of 20.5 percent. Clover, lan, “REC
achieves +20% efficiency for mass production of multicrystalline solar cells,” PV Magazine, October 5,
2016, https://www.pv-magazine.com/2016/10/05/rec-achieves-20-efficiency-for-mass-production-of-
multicrystalline-solar-cells 100026368/; Chunduri, Shravan K. and Michael Schmela, “PERC Solar Cell
Technology, 2017 Edition,” 2017, http://taiyangnews.info/reports/, p. 39.

131 Roselund, Christian, “The Uncertain Future of Silicon Heterojunction Solar,” PV Magazine, March
15, 2016, https://www.pv-magazine.com/magazine-archive/the-uncertain-future-of-silicon-
heterojunction-solar 100023725/; Roselund, Christian, “The Best of the Best: Innovative High Efficiency
PV Module Designs,” PV Magazine, March 15, 2016, https://www.pv-magazine.com/magazine-
archive/the-best-of-the-best-innovative-high-efficiency-pv-module-designs 100023720/.

132 Ey PVSEC Website, https://www.photovoltaic-conference.com/images/News/EU PVSEC-2017-
NewsNo5/eu_pvsec-2017-newsno5.html (accessed August 23, 2017).
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cells. Meyer Burger also offers a turnkey production line for heterojunction cells.**

Heterojunction cells account for less than 5 percent of the global market.™**
Bifacial

Bifacial cells convert light that hits both the front and back of the CSPV cell into
electricity (figure 1-16). Whereas most CSPV cells have a metalized back layer, bifacial cells allow
light through to the back side of the CSPV cell. They often incorporate either the PERC or
heterojunction technologies discussed above. When incorporated into modules, they use a
transparent back sheet or rear glass layer to allow sunlight to pass through to the rear of the
CSPV cell. Bifacial cells increase energy production, but are also more expensive to produce.
The extent to which energy production increases depends in part on the characteristics of the
surface below the installed modules.™*

133 Roselund, Christian, “The Uncertain Future of Silicon Heterojunction Solar,” PV Magazine, March

15, 2016, https://www.pv-magazine.com/magazine-archive/the-uncertain-future-of-silicon-
heterojunction-solar 100023725/; Sunpreme Website, http://sunpreme.com/symmetric-bifacial-
architecture/ and http://sunpreme.com/about-us/ (accessed August 23, 2017). Veschetti, Y. “Cell
Session Introduction,” BIFIPV Workshop, September 2016, p. 9, http://bifipv-
workshop.com/fileadmin/images/bifi/miyazaki/presentations/4 1 1 - VESCHETTI -bifacial cells.pdf;
Kaneka Website, http://www.kaneka-solar.jp/products/gransola.html (accessed August 23, 2017); Hevel
Producing Heterojunction Solar Cells with Singulus Technology,” March 29, 2017, https://www.pv-
magazine.com/2017/03/29/hevel-producing-heterojunction-solar-cells-with-singulus-technology/.

3% ITRPV, 2016 Results, March 2017, p. 35,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a; Solartech
Universal Website, http://www.solartechuniversal.com/quantum-series.html (accessed August 23,

2017).
135

Roselund, Christian, “Two Sides of the Same Coin,” PV Magazine, February 6, 2017,
https://www.pv-magazine.com/magazine-archive/two-sides-of-the-same-coin/; Brearley, David,
“Bifacial PV Systems,” SolarPro, March/April 2017, issue no. 10.2,
https://solarprofessional.com/articles/design-installation/bifacial-pv-systems#.WTmljv7rsuZ.
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Figure I-16
Bifacial PV modules absorb sunlight on both sides of the module

Height of bottom edge of
module above ground in meter Albedo factor of the ground
(amount of light reflected)

Source: SolarWorld AG Website, http://www.solarworld.de/en/products/products/solar-
modules/sunmodule-bisun-protect/ (accessed July 15, 2017).

As of early 2017, bifacial modules were commercially available in the U.S. market from
about eight companies, including LG, Lumos Solar, Mission Solar, Prism Solar, Silfab,
SolarWorld, Sunpreme, and Yingli Solar.*® Despite the relatively limited number of current
suppliers, ***.**” Globally, bifacial modules accounted for 1-2 percent of the global module
market in 2015, but the market share is projected to grow in the next five years.*®

Other

Some manufacturers have switched to modules with half-cut cells. These are standard
cells that are cut in half, such that a standard 60 cell module would instead have 120 half cells.
Half cut cells result in lower cell currents and, therefore, reduce power losses and increase cell
efficiency and overall module output.’®® Half-cut cells accounted for 2 percent of the global
market in 2016, though this share is forecast to increase.**

136 Brearley, David, “Bifacial PV Systems,” SolarPro, March/April 2017, issue no. 10.2, pp. 24-25,
https://solarprofessional.com/articles/design-installation/bifacial-pv-systems#.WTmljv7rsuZ.

137 SEIA, Posthearing brief, Exhibit 13 (Bloomberg New Energy Finance, 3Q 2017 Global PV Market
Outlook, August 18, 2017, pp. 9-10).

138 Roselund, Christian, “Two Sides of the Same Coin,” PV Magazine, February 6, 2017,
https://www.pv-magazine.com/magazine-archive/two-sides-of-the-same-coin/; Brearley, David,
“Bifacial PV Systems,” SolarPro, March/April 2017, issue no. 10.2,
https://solarprofessional.com/articles/design-installation/bifacial-pv-systems#.WTmljv7rsuZ.

139 REC Solar, “The New REC TwinPeak Series,” n.d.,
http://www.recgroup.com/sites/default/files/documents/whitepaper twinpeak technology.pdf
(accessed July 15, 2017).

149 1 TRPV, 2016 Results, March 2017, pp. 36-37,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a.
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Many manufacturers are increasing the number of busbars in PV cells,**! which results

in higher efficiency and greater power output (figure I1-17). Three-busbar cells accounted for
slightly more than half of the global market in 2016, down from more than 80 percent in 2014.
Four or more busbar cells accounted for more than 40 percent of the market in 2016 and are
forecast to account for close to 60 percent of the global market in 2017. Five busbar cells
accounted for less than 10 percent of the global market in 2016, but are also forecast to gain
market share in 2017. Some manufacturers have eliminated busbars, which can provide
benefits such as reducing electrical losses and increasing the surface area of the cell that can
absorb sunlight. Cells without busbars currently account for less than 5 percent of the global
market.**

Figure I-17
CSPV 5 busbar cell

L. X
Source: SolarWorld Website, https://www.solarworld-usa.com/newsroom/media-downloads (accessed
September 4, 2017).

1% Electricity is carried from the thin metal strips on solar cells to wider metal strips known as

busbars. These busbars are interconnected during the manufacturing process so that electricity is
carried from the cell to the junction box. Ulbrich Website, https://www.pvribbon.com/press/glossary-of-
pv-terms/ (accessed September 4, 2017).

142 pickerel, Kelly, “Busbars: A Solar Panel Necessity or Hindrance?” Solar Power World, May 9, 2016,
https://www.solarpowerworldonline.com/2016/05/busbars-solar-panel-necessity-or-hindrance/; ITRPV,
2016 Results, March 2017, pp. 28-29,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a; ITRPV, 2014
Results, Revision 1, July 2015, p. 22, http://www.itrpv.net/Reports/Downloads/2015/.
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Some manufacturers have also placed metal contacts onto the rear side of the cell,
creating back (or rear contact) cells. This provides several advantages such as reduced shading,
improved cell interconnection, and better aesthetics.'*?

Some PV modules do not use a frame, which reduces costs. These modules typically use
a glass as the rear layer to ensure mechanical stability. Frameless modules account for less than
5 percent of the global market.***

U.S. tariff treatment

The imported articles are provided for in subheading 8541.40.60 (statistical reporting
numbers 8541.40.6020 (“solar cells, assembled into modules or made up into panels”) and
8541.40.6030 (“solar cells, other”)) of the Harmonized Tariff Schedule of the United States
(“HTS”), and have been free of duty under the general duty rate since at least 1987. These
articles may also be imported as parts or subassemblies of goods provided for in subheadings
8501.31.80, 8501.61.00, and 8507.20.80. Inverters or batteries with CSPV cells attached are
provided for under HTSUS subheadings 8501.61.00 and 8507.20.80, respectively. In addition,
CSPV cells covered by the investigation may also be classifiable as DC generators of subheading
8501.31.80, when such generators are imported with CSPV cells attached. Goods classified in
subheadings 8501.31.80 and 8501.61.00 have general duty rates of 2.5 percent, and goods
classified in subheading 8507.20.80 have a general duty rate of 3.5 percent ad valorem. As
stated in the Commission’s notice of investigation, the HTS subheadings and reporting numbers
are provided for convenience and the written description of the imported article is
dispositive.** Decisions on the tariff classification and treatment of imported articles are within
the authority of U.S. Customs and Border Protection.

13 sunPower, “SunPower Module Degradation Rate,” n.d., pp.10— 11,

https://us.sunpower.com/sites/sunpower/files/media-library/white-papers/wp-sunpower-module-
degradation-rate.pdf (accessed August 24, 2017); PV Education Website,
http://www.pveducation.org/pvcdrom/manufacturing/rear-contact (accessed August 24, 2017);
M.K.Mat Desa et al, “Silicon Back Contact Solar Cell Configuration: A Pathway Towards Higher
Efficiency,” Renewable and Sustainable Energy Reviews, Volume 60, July 2016, Abstract,
http://www.sciencedirect.com/science/article/pii/S1364032116002392.

%% ITRPV, 2016 Results, March 2017, pp. 37-40,
http://www.itrpv.net/.cm4all/iproc.php/ITRPV%20Eighth%20Edition%202017.pdf?cdp=a.

195 crystalline Silicon Photovoltaic Cells (Whether or Not Partially or Fully Assembled into Other
Products): Institution and scheduling of safequard investigation and determination that the investigation
is extraordinarily complicated, 82 FR 25331, June 1, 2017.
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THE U.S. MARKET
U.S. producers™*®

The Commission sent U.S. producers’ questionnaires to 188 firms identified by the
Commission as possible U.S. producers or U.S. importers of CSPV cells and/or modules. The
Commission received responses from 13 firms reporting domestic production since January 1,
2012."* During the previous CSPV 2 investigations, three additional firms (Motech, Silicon
Energy, and tenKsolar) that have since ceased CSPV operations supplied the Commission with
information on their U.S. operations.**® Where applicable, the aggregate U.S. industry data
presented in this report also include the data provided to the Commission by these three
domestic producers in the CSPV 2 investigations. In total, these 16 firms are believed to have
accounted for all known U.S. production of CSPV cells and 63.9 percent of U.S. production of
CSPV modules during 2015.*° Presented in table I-2 is a list of responding domestic producers

1%8 |1 the prior CSPV 1 and CSPV 2 investigations, the Commission found that U.S. module assemblers
engaged in sufficient production-related activities to include them in the domestic industry as domestic
producers of the domestic like product. Consequently, the Commission treated their resulting CSPV
products as shipments by the domestic industry, even if those modules were assembled in the United
States from inputs that were imported. No party in those prior investigations argued that module
assemblers should not be included in the domestic industry. Based on her finding that CSPV cells and
CSPV modules were separate domestic like products, however, Commissioner Broadbent defined two
corresponding domestic industries. Certain Crystalline Silicon Photovoltaic Cells and Modules from China
and Taiwan, Inv. Nos. 701-TA-511 and 731-TA-1246-1247 (Final), USITC Publication 4519, February 2015,
p. 16.

%7 One of the 12 firms providing responses to the U.S. producer questionnaire (***) provided
responses to certain narrative questions in the U.S. producer questionnaire but did not provide any data
concerning its production operations. The following companies reported that they have not produced
CSPV products in the United States since January 1, 2012: ***,

18 Another firm, Suntech, submitted data in the CSPV 1 investigations but did not submit data in the
CSPV 2 investigations; Suntech, an opponent of the prior petitions, accounted for a small and declining
share of domestic production, imported sizeable volumes from China and Taiwan, and closed its
production facility in March 2013. The Commission determined that appropriate circumstances existed
to exclude Suntech from the domestic industry as a related party. USITC Publication 4519 at 16-20;
USITC Publication 4360 at 13-16; Why a Chinese Firm’s Factory in Arizona Failed, (Sept. 18, 2014)
available on Bloomberg.com.

149 Based on a comparison of U.S. producers’ reported production of CSPV modules of *** kW in
2015 with total 2015 U.S. production of modules of 864,985 kW as reported in EIA, Solar Photovoltaic
Cell/Module Shipments Report, September 2016, table 6. EIA data also include thin film products that
are not within the scope of this investigation. Since EIA’s estimate of total U.S. production of modules
includes thin film products and is likely somewhat overstated for purposes of a coverage calculation for
U.S. module production in this investigation, the questionnaire responses received from U.S. module
producers likely account for a higher percentage of U.S. CSPV module production.
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and each company’s position on the petition, production locations, and share of reported
production of CSPV products during 2012-16.

Table I-2

CSPV products: U.S. producers, their position on the petition, location of production, and share
of reported production, January 2012 through December 2016

Position on Share of CSPV cell | Share of module
Firm petition Production location |[production (percent) |assembly (percent)
Itek ok Bellingham WA il ok
Kyocera el San Diego, CA ook P
Mission Solar *xk San Antonio, TX ok o
Motech Americas e New Castle, DE ok o
SBM *rk Concord, NC o o
Seraphim el Jackson, MS P e
Sharp il Memphis, TN ok o
Marysville, WA
Silicon Energy @ Mountain Iron, MN ok -
Solaria ok Fremont, CA e ra—
Solartech ok Riviera Beach, FL Kk Kok
SolarWorld ok Hillsboro, OR Kok o
Norcross, GA
Suniva il Saginaw, Ml *okk *kk
Westminster, CO
SunStream i Gilbert, AZ ok *kk
tenKsolar S Bloomington, MN *kk *xk
Fremont, CA
Tesla *rx Buffalo, NY xxk rxx
Wanxiang rxk Rockford, IL ok v
Total 100.0 100.0

' Did not provide a response to the Commission’s questionnaire in this proceeding. Motech closed in late
2013, Silicon Energy shut down in 2017 but had been operating at diminished capacity since 2014, and
tenKsolar announced in May 2017 that it had discontinued its operations. In the prior CSPV 2

investigations, ***,

Note.--Shares shown as "0.0" represent values greater than zero but less than "0.05" percent.

Source: Compiled from data submitted in response to Commission questionnaires; “Newark solar facility
has closed, official says,” Delaware Online, The News Journal, September 8, 2014,
http://www.delawareonline.com/story/money/business/2014/09/08/newark-solar-facility-closed-official-

says/15290473/, accessed July 18, 2017; Myers, John, “Mountain Iron solar company among last in
Minnesota,” Prairie Business, Forum News Service, June 12, 2017,
http://www.prairiebusinessmagazine.com/energy/4281984-mountain-iron-solar-company-among-last-

minnesota, accessed July 18, 2017; Hughlett, Mike, “Ten K Solar 'discontinuing' current operation,” Star

Tribune, May 10, 2017, http://www.startribune.com/ten-k-solar-discontinuing-current-

operation/421917033/, accessed July 18, 2017.
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U.S. importers

The Commission sent U.S. importers’ questionnaires to 188 firms identified by the
Commission as possible U.S. producers or U.S. importers of CSPV cells and/or modules.**
Questionnaire responses containing usable data were received from 56 firms and are believed
to have accounted for approximately 83 percent of U.S. imports of CSPV products from all
sources during 2016."" Although separate U.S. import data were requested in the
Commission’s questionnaires for U.S. imports from Australia, Brazil, Colombia, Israel, Jordan,
Mexico, Panama, Peru, and the Dominican Republic-Central America Free Trade Agreement
(“CAFTA-DR”) countries (i.e., Costa Rica, Dominican Republic, El Salvador, Guatemala,
Honduras, and Nicaragua),152 no U.S. import data were reported by U.S. importers in their
guestionnaire responses for these countries for 2012-16.

Table I-3 lists all responding U.S. importers of CSPV products, their U.S. locations, and
their share of the quantity of total U.S. imports from January 2012 to December 2016.

130 The following firms r